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Fifty years later Widal, Weill, and Laudat (2) pointed out that the hypercholesterolemia of obstructive jaundice is due in large measure to increase in serum free cholesterol in contradistinction to that of nephrosis, where both free and esterified cholesterol are greater than normal.
More recently (3) (4) (5) it has been shown that plasma phospholipid increases even more than cholesterol, so that the ratio of total cholesterol to phospholipid is appreciably less than normal.
The serum lipoproteins have also been measured in patients with liver disease. Pierce and Gofman (6) examined the sera of thirty-two patients with cirrhosis and found levels of the Sf 10-20 class slightly higher than normal. They also studied forty-eight cases of acute hepatitis (7) and found elevations of the Sf 0-100 components with the largest increase in the Sf [12] [13] [14] [15] [16] [17] [18] [19] [20] class. The increased concentrations correlated most closely with the presence of jaundice and tended to decrease when the jaundice subsided. McGinley, Jones, and Gofman (8) found a huge increase in the Sf 6 and Sf 8 groups, with varying increase in Sf 10-17 in five cases of biliary cirrhosis. By starch zone electrophoresis, Kunkel and Slater (9) observed that in biliary cirrhosis there was a high peak consisting predominantly of phospholipid which had the same relative mobility as normal beta lipoproteins. The concentration of alpha lipoproteins was extremely low. Snavely, Goldwater, Randolph, and Unglaub (10) by ultracentrifugation of whole serum from palThese studies have been aided by a grant from the U. S. Public Health Service, by support from the Commonwealth Fund and the Albert and Mary Lasker Foundation, and by gifts from Mrs. Katherine Lilly Conroy. In this present study, plasma proteins in patients with liver diseases in which biliary obstruction is a prominent or suspected feature were fractionated by Cohn's method number 10 and the fractions analyzed for protein and lipid constituents. In some of the patients, and especially in those with acute hepatitis, it was possible to analyze the plasma serially during the disappearance of jaundice and during the various phases of recovery from the disease.
SUBJECTS
The cases studied were classified as follows. The diagnosis of primary biliary cirrhosis was made on the basis of the clinical picture. In six of the seven patients (Table IIA) , exploratory laparotomy revealed an appearance of the liver indicating biliary cirrhosis. There was no evidence of extrahepatic biliary obstruction. In one patient (Yaz), laparotomy was not performed, but needle biopsy of the liver yielded a specimen regarded as histologically typical of biliary cirrhosis. The duration of illness varied from six months in Pey and Ros, to eight years in Whe and Dor. In Pey, xanthomata were not present (perhaps because of the short duration of the disease). All of the other patients had xanthelasma, and with the exception of Whe had developed xanthomata in other areas. All of the patients had large livers and spleens. All of them were intensely jaundiced and had high concentrations of alkaline phosphatase at the time of plasma fractionation.
Biliary cirrhosis
The diagnosis of secondary biliary cirrhosis was made in five patients with chronic jaundice in whom laparotomy and biopsy of the liver presented a picture compatible with biliary cirrhosis but in whom there was also evidence of extrahepatic biliary obstruction (Table IIB) . In Kur and Fit the common bile duct had been damaged by previous surgery. Sto had a large congenital pancreatic cyst. Although no common duct stone was found in Drm and Bro, they were classified as secondary biliary cirrhosis because of chronic cholecystitis and the presence of stones in the gall-bladder. Duration of symptoms was from one and one-quarter years in Drm to eleven years in Fit and Sto. Drm, Fit, and Bro had xanthelasma but no evidence of xanthomatosis elsewhere. The others displayed no cutaneous lipid deposits. Two of the five patients (Drm and Fit) were not intensely jaundiced at the time of fractionation. All had serum alkaline phosphatase concentrations greater than thirty Bodansky units.
The group designated as bile duct obstruction (Table  III) consisted of six patients with carcinoma of the pancreas, three with common duct stone, two with metastatic carcinoma of the liver, and one who had both hemachromatosis and primary liver cell carcinoma. The duration of jaundice varied from one to five weeks. All patients were jaundiced at the time that they were studied; in Kau and Smi subsequent studies were made following the relief of obstruction. In these patients, serum alkaline phosphatase concentration was elevated, and in Kau and Smi decreased along with serum bilirubin concentration.
Patients with acute hepatitis (Table IV) were not differentiated as to etiology. Eight of the thirty had histories of blood transfusions; none of them had a history of exposure to toxic substances. For convenience, the date of onset of the disease was arbitrarily defined as the day on which jaundice or dark urine was first recognized. Since, however, many of the patients had suffered vague symptoms for some days preceding the icterus, it was impossible to determine the duration of the illness with accuracy. It was thought that, in eleven, studies were initiated during the first week; in five, during the second; in twelve, during the third and fourth; and in two, still later in the course of the illness. Those observed during the first week after onset probably represent a random sample of cases of hepatitis admitted to the hospital during the period. Those in whom observations were initiated at a later time usually had persistent icterus. All of the patients with jaundice had also elevated levels of serum alkaline phosphatase and abnormal cephalin flocculation and thymol turbidity. These abnormalities disappeared as the concentration of bilirubin decreased. Bat and Dre died within a week of onset, and autopsies showed acute massive necrosis of the liver. Saz and Ols had less fulminating courses and died after day 23 and 83, respectively. All the other patients recovered.
The group of patients with portal cirrhosis (Table V) included thirty with progressive hepatic insufficiency, peripheral edema, and ascites. All but three of them offered histories of large alcohol intake. The group also included one patient with hemochromatosis and five young women who gave no history of alcoholism but who suffered from acne, amenorrhea, recurrent attacks of fever, jaundice, and other features of the syndrome described by Bongiovanni and Eisenmenger (11). Several of the patients with alcoholic cirrhosis had episodes suggestive of superimposed obstructive jaundice with marked elevation of serum bilirubin and clay-colored stools. This was apparent in Rob on 2/20/52 and in Guz on 9/16/53. Sko had a hemolytic anemia with high indirect bilirubin and greater than normal excretion of urobilinogen in the stool.
METHODS
Cohn's method number 10 was used for the chemical fractionation of the plasma proteins. Three fractions were isolated: IV + V + VI, II, and I + III. Plasma and all fractions were analyzed for protein and for cholesterol by the Bloor method. In some of the cases free and total cholesterol, phospholipid, and total lipid carbon were determined in unfractionated plasma and in Fractions IV + V + VI and I + III. Details of the procedure of the fractionation of proteins and of the analytic methods have been previously described (12) . Free and total cholesterol were determined by the method of Sperry and Schoenheimer as modified by Sperry and Webb (13) . With very dilute samples it was necessary to concentrate the extracts by evaporation of solvent.
Paper electrophoresis was carried out by the method described in detail in a previous publication (14) .
Ultracentrifugation was carried out in a Spinco model L preparative ultracentrifuge. The solvent density of the serum was raised to 1.063 by adding to 4 ml. of serum 4 ml. of NaCl solution containing 181.7 gm. per liter (15). Tubes were inverted and then centrifuged at 80,000 times gravity for thirteen hours at 15 to 16°C. The top layer was removed, using a hypodermic syringe and curved needle. The top and bottom layers were analyzed for lipid and subjected to electrophoresis on paper.
RESULTS
In Tables II to V the results of cholesterol and phospholipid analyses of plasma and of the protein fractions have been assembled together with values for total serum bilirubin and the ratios of free to total cholesterol on the plasma. Observations on the Sperry-Schoenheimer (13) determinations and the free to total ratios of the fractions are presented separately in 
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VI where phospholipids increased proportionately to the cholesterol and where the cholesterol-phospholipid ratios deviated little from the normal average of approximately 0.5.
Analysis of the plasma by the Sperry-Schoenheimer method shows that the increment in plasma cholesterol in all of the patients is due to accumulation of free cholesterol with a resultant increase in the ratio of free to total cholesterol. Even in Dor, however, where there is no increase in total plasma cholesterol, the free to total ratio is also markedly elevated. Analysis of several of the fractions (see Table VI ) indicates that almost all of the cholesterol in Fraction IV + V + VI is free, while Fraction I + III contains essentially all of the plasma esterified cholesterol in addition to free cholesterol.
In Table IIB are the data from the five cases of secondary biliary cirrhosis. The concentration of plasma cholesterol exceeds the limits of normal but is increased less than in the cases of primary biliary cirrhosis. With progressive hepatic failure the concentration tends to fall. The pattern of distribution of cholesterol is similar to that in primary biliary cirrhosis. In all patients, concentration of bilirubin is markedly elevated, the cholesterol-phospholipid ratios are considerably reduced, and the free to total cholesterol ratio markedly increased both in the plasma and in Fraction I + III. In Sto, as the jaundice increases the cholesterol-phospholipid ratios in plasma and Fraction I + III decrease, and the ratio of free to total cholesterol rises (see Table  VI ).
Bile duct obstruction
In Table III , the data on the patients with bile duct obstruction have been assembled. Patients were selected on the basis of considerable constant or increasing jaundice. Cases in which jaundice was decreasing were not included, although in two of the cases (Kau and Smi) measurements made after jaundice had begun to subside are included. In four of the patients, cholesterol in the plasma as well as in the two lipid-containing fractions is elevated. All of the patients in this group have low cholesterol-phospholipid ratios in the plasma and in Fraction I + III. In nine of the twelve cases in which cholesterol-phospholipid ratios and free to total cholesterol ratios are extremely abnormal, history indicates that the obstruction has been of less than six weeks' duration. These patients with bile duct obstruction of relatively short duration and presumably normal livers demonstrate most clearly the effects of obstructive jaundice on plasma cholesterol-phospholipid ratios and free to total ratios. Restoration of normal lipid interrelationships after relief of obstruction is indicated in Smi.
Acute hepatitis
In Table IV , the data on the thirty cases of acute hepatitis have been assembled. The patients are listed in order of time elapsed between the onset (the day when jaundice or bilirubinemia was first noted) and the first analysis of the plasma.
The deviations in lipid concentration and distribution vary both with the duration of the hepatitis and the degree of icterus. In severely jaundiced cases studied during the first week following onset, the level of total plasma cholesterol is appreciably reduced, the concentration of phospholipids is not proportionately reduced, with the result that there is a marked lowering in the cholesterolphospholipid ratio both in the plasma and in Fraction I + III. In these cases there is also a marked reduction in esterified cholesterol, with increase in the ratio of plasma free to total cholesterol. This is usually apparent also in Fraction I + III but is most marked in Fraction IV + V + VI, where almost none of the cholesterol is esterified (Table VI) . In patients whose total cholesterol is less than normal, the percentage in Fraction IV + V + VI tends to be low. In the occasional patient with high concentration of total cholesterol there is an increase -in the cholesterol in Fraction IV + V + VI such as is seen in biliary cirrhosis.
These striking deviations in concentration and distribution of lipids tend to disappear gradually with recovery from the disease and particularly with the subsidence of icterus. They may disappear entirely before clinical convalescence is complete. Among the nineteen cases whose study was begun more than a week after the onset, there were seven whose bilirubin concentration was less than 2 mg. per 100 ml. In these cases, low cholesterol-phospholipid ratios in the plasma and in Fraction I + III were not found. In patients fol- --eq CE) , 4 V V F eqeq eq eq eqeq eq eq eqe 00-F-) CE 0% V 0 U-CE eqC) Zro 00 o0% 000%00 .00 ' U). . ' Figure 1 are shown the patterns of change in a typical case of acute hepatitis.
Portal cirrhosis
In The lipid deviations in this group are extremely variable. The total cholesterol concentration varies between the wide limits of 551 and 44 mg. per 100 ml. In twenty of the thirty-six patients the plasma cholesterol is less than the lower limit of normal and in four patients cholesterol values of less than 100 mg. per 100 ml. are observed. Generally, there is a decrease in cholesterol in Fraction IV + V + VI while that in Fraction I + III varies, depending upon the total plasma concentration. In the majority of cases the phospholipid varies with cholesterol as in normal subjects so that the ratios of cholesterol to phospholipid are not different from normal, but in nine of the patients low cholesterol-phospholipid ratios in the plasma and Fraction I + III are observed. In five of them free to total cholesterol ratios in the plasma are measured, and in four they are over 0.75. Two other patients have ratios over 0.70:
in Alt the cholesterol-phospholipid ratios are normal, but in Ede they are low but not as low as in the patients discussed. In the other patients with portal cirrhosis the mean ratio of the free to total cholesterol is 0.50. In these patients with the abnormal lipid pattern serum bilirubin is usually elevated. Although Rob, Bur (18) . They have also been found in cerain patients in whom jaundice is (24) showed that this increase in serum cholesterol following bile ligation is accompanied by a significant increase in the rate of cholesterol synthesis by the liver. It may be that the abnormal lipoproteins present in this circumstance may alter the partition of cholesterol between liver and plasma, and that this partition may control the rate of cholesterol synthesis.
SUM MARY
In obstructive jaundice and in early acute hepatitis the lipid composition of the lipid-containing protein fractions is markedly deviant from that of normals and of all other diseases we have studied.
In Fraction IV + V + VI there is approximately twice as much phospholipid as cholesterol, just as is found normally in that fraction. However, almost all of the cholesterol in the fraction is unesterified. The lipoproteins in this fraction have the electrophoretic and ultracentrifugal properties of beta lipoproteins, whereas normally they are high-density alpha lipoproteins.
The lipoproteins in Fraction I + III, like those normally in this fraction, have the physical characteristics of beta lipoproteins. Their proportion of ester cholesterol is less than normal. The most striking difference from normal lies in their cholesterol-phospholipid ratios which may be as low as 0.5 by weight.
It is concluded that in biliary cirrhosis, in some cases of obstructive jaundice, and in early acute hepatitis there are at least two types of abnormal lipoproteins, the one found in Fraction IV + V + VI and the other in Fraction I + III.
During the recovery phase of acute hepatitis and following the removal of biliary tract obstruction, the abnormal lipoproteins are replaced by lipoproteins of normal composition.
The lack of correlation between the appearance of these lipoproteins and the degree of hepatic damage in cases of portal cirrhosis indicates that factors other than inj'ur to the liver are implicated in their formation.
